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1 . 



A protein selected from the group consisting of: 



(a) a protein which consists of an amino acid sequence selected from 
the group consisting of SEQ ID NOS : 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 
8 7 and 89; and 

(b) a protein which is capable of activating NF-/CB and consists 
of an amino acid sequence having at least one amino acid deletion, 
substitution or addition in an amino acid sequence selected from 
the group consisting of SEQ ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 
87 and 89. 

2. A protein which is capable of activating NF - fc B and comprises 
an amino acid sequence having a homology of at least 50% to the amino 
acid sequence of the protein according to claim 1. 

3. A gene which comprises a nucleotide sequence encoding a 
protein selected from the group consisting of: 

(a) a protein which consists of an amino acid sequence selected from 
the group consisting of SEQ ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 7 1, 73, 75, 77, 79, 81, 83, 85, 
87 and 89; and 

(b) a protein which is capable of activating NF-/CB and consists 
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of an amino acid sequence having at least one amino acid deletion, 
substitution or addition in an amino acid sequence selected from 
the group consisting of SEQ ID NOS : 1, 3, 5, 7 , 9, 11, 13, 15, 17, 
19, 21, 23, 2 5, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 
87 and 89. 

4. A gene which comprises a DNA sequence selected from the group 
consisting of : 

(a) a DNA sequence which consists of a nucleotide sequence selected 
from the group consisting of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 
84, 86, 88 and 90; and 

(b) a DNA sequence which encodes a protein capable of activating 
NF- /c B and hybridizes with the DNA sequence of above item (a) under 
s tringent conditions . 

5. A gene comprising a nucleotide sequence which encodes a 
protein capable of activating NF - /c B and has a homology of at least 
50% to the nucleotide sequence of the gene according to claim 3 or 
4 . 

6. A protein encoded by a gene according to any one of claims 
3 to 5 . 

7. A recombinant vector which comprises a gene according to any 
one of claims 3 to 5 . 

8 . A transf ormant which comprises a recombinant vector according 

to claim 7 . 

9. A process for producing a polypeptide, which comprises 

expressing the polypeptide encoded by the DNA from the transformant 
according to claim 8. 
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10. A method for diagnosing a disease associated with the 
expression or activity of NF- K B in a subject, which comprises the 
s teps of : 

(a) determining the presence or absence of a mutation in the NF - 
KB coding nucleotide sequence in the genome of the subject; and/or 

(b) measuring the amount of the expression of the protein according 
to claim 6 in the subject. 

11. A method for screening a compound which inhibits or activates 
NF-/CB activation, which comprises the steps of: 

(a) transforming a host cell with a gene encoding a protein capable 
of activating NF - KB, and a component capable of providing a 
detectable signal ; 

(b) culturing the transformed cell under conditions which permit 
the expression of the gene in the host cell; 

(c) contacting the transformed cell with one or more candidate 
compounds; and 

(d) measuring the detectable signal. 

12. A process for producing a substance which inhibits or 
activates NF - K B activation, which comprises the steps of: 

(a) transforming a host cell with a gene encoding a protein capable 
of activating NF - K B, and a component capable of providing a 
detectable signal ; 

(b) culturing the transformed cell under conditions which permit 
the expression of the gene in the host cell; 

(c) contacting the transformed cell with one or more candidate 
compounds ; 

(d) measuring the detectable signal; and 

(e) identifying and isolating the candidate compound in which the 
signal of the inhibition or activation of NF - fc B activation is 
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detected . 

13. A compound which inhibits or activates NF - K B activation, 
which is obtained by the process according to claim 12. 

14. A kit for screening a compound which inhibits or activates 
NF - fC B activation, which comprises: 

(a) a host cell transformed with a gene encoding a protein capable 
of activating NF- K B , and a component capable of providing a 
detectable signal; and 

(b) a medium which permits the expression of the gene in the host 
cell . 

15 . A monoclonal or polyclonal antibody directed against a protein 
according to claim 1 or 2 . 

16 . A process for producing a monoclonal or polyclonal antibody 
according to claim 15, which comprises using a protein according 
to claim 1 or 2 as an antigen. 

17. An antisense oligonucleotide against a gene according to any 
one of claims 3 to 5 . 

18. A ribozyme which inhibits NF - /CB activation. 

19. A method for treating a disease, which comprises using a 
compound according to claim 13, and/or a monoclonal or polyclonal 
antibody according to clam 15, and/or an antisense oligonucleotide 
according to claim 17, and/or a ribozyme according to claim 18. 

20. A pharmaceutical composition which comprises a compound 
according to claim 13 as an active ingredient. 

21. A pharmaceutical composition which comprises a monoclonal or 
polyclonal antibody according to claim 15 as an active ingredient. 

22. A pharmaceutical composition which comprises an antisense 
oligonucleotide according to claim 17 as an active ingredient. 
23 . The pharmaceutical composition according to claim 20, wherein 




the target disease is selected from the group consisting of 
inflammation, autoimmune diseases, infections diseases and 
cancers . 

24. A method for obtaining a new gene having a function, which 
comprises a method of using the ol igo - capping method to construct 
a full-length cDNA library, and a method of using a reporter gene 
indicative of the presence of a protein having the function. 

25. A computer - readable medium on which a sequence data set has 
been stored, said sequence data set comprising at least one 
nucleotide sequence selected from the group consisting of SEQ ID 
NOS: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88 and 90, and/or at least 
one amino acid sequence selected from the group consisting of SEQ 
ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 
33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 6 3, 65, 
67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87 and 89. 

26 . A method for calculating a homology, which comprises comparing 
data on a medium according to claim 25 with data of other nucleotide 
sequences and/or amino acid sequences. 

DETAILED EXPLANATION OF THE INVENTION 
TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a protein capable of 
activating NF-atb, a DNA sequence encoding the protein, a method 
for obtaining the DNA , a recombinant vector containing the DNA, a 
transformant containing the recombinant vector, and an antibody 
which specifically reacts with the protein. The present invention 




also relates to use of the protein, DNA molecule or antibody of the 
invention in the diagnosis, treatment or prevention of diseases 
associated with the excessive activation or inhibition of NF - K 
B . 

The present invention also relates to a method for screening 
a substance capable of inhibiting or activating NF - /CB activation 
by using the protein, DNA , recombinant vector and t rans f orman t . 

DESCRIPTION 

The transcript ion factor NF - k B ( nuclear fac tor kappa B ) plays 
an important role in the transcriptional regulation of various genes 
involved in inflammation and immunological reactions. NF - /CB is 
a homo- or heterodimer which belongs to the Rel family. In 
unstimulated conditions, NF - KB normally resides in the cytoplasm 
as an inactive form by forming a complex with an KB inhibitory 
protein (Inhibitory protein of NF- KB) to mask the nuclear transport 
signal of NF - fC B . 

When cytokines such as interleukin (ID -1 and tumor necrosis 

factor ( TNF ) - a stimulate cells, I/CB is phosphory 1 a t ed by IKK (I 
K B kinase) and degraded by the 26S proteasome through 
ubiqui tina tion . The released NF - /CB moves to the nucleus, where 
it binds to the DNA sequence called the NF - /CB binding sequence and 
induces the transcription of the gene, which is under control of 
NF- /CB is believed to regulate the expression of genes such as those 
for immunoglobulins, inflammatory cytokines (e.g., IL-1 and TNF - 
a), interferons and cell adhesion factors. NF - /CB is involved in 
inflammation and immune responses through the expression induction 
of these genes . 

The inhibition of the function or activation of NF - /CB may 

6 




inhibit the expression of many factors (proteins) involved in 
inflammatory or immunological diseases or other diseases such as 
tumor proliferation. Thus, NF - /cb is a promising target for 
medicaments against diseases caused or characterized by 
autoimmunity or inflammation [see e.g., Clinical Chemistry 4 5 , 7-17 
(1999); J Clin. Pharmacol. 38, 981-993 (1998); Gut 43, 856-860 
(1998) ; The New England Journal of Medicine 366, 1066 - 1071 (1997) ; 
TiPS 46 - 50 (1997) ; The FAS EB Journal 9, 899 - 909 (1995) ; Nature 395, 
225-226 (1998); Science 278, 818-819 (1997); Cell 91, 299-302 
(1997) ] . 

Extracellular information is converted into a certain signal, 
which passes through the cell membrane and goes through the cytoplasm 
to the nucleus, where it regulates the expression of the target gene 
and causes cell responses. Therefore the elucidation of the 
mechanism of intracellular signal transduction from extracellular 
stimuli to NF-ATB activation is of very important significance, 
because it provides very important means of developing new 
medicaments or therapies against autoimmune diseases and diseases 
exhibiting inflammatory symptoms. 

It is believed that the signal transduction pathway from 
certain cell stimulation to NF - K B activation includes many steps 
mediated by various transmitters such as protein kinases. 
Therefore it is desirable for more efficient drug discovery to 
identify the transmitters which play a key role in the pathway, and 
to focus research on the transmitters to establish a new drug- 
screening method. Some signaling molecules involved in NF- /c B 
activation have been identified [e.g., IKK, ubiqu i t ina t i on enzymes 
and the 26S proteasome described above, as well as TNF receptor 
associated factor 2 ( TRAF2 ) and NF- KB inducing kinase (NIK) ] . 




However, most of the mechanism of NF - KB activation remains unknown, 
and it has been desired new signaling molecules to be identified 
and further the NF - /CB activation mechanism to be elucidated. 
PROBLEM TO BE SOLVED BY THE INVENTION 

The object of the present invention is to identify a new gene 
and protein capable of activating NF - /CB, and to provide a method 
of use of them in medicaments, diagnostics and therapy. That is, 
the present invention provides a new protein capable of activating 
NF-/CB, a DNA sequence encoding the protein, a recombinant vector 
containing the DNA, a transformant containing the recombinant 
vector, a process for producing the protein, an antibody directed 
against the protein or a peptide fragment thereof, and a process 
for producing the antibody. 

The present invention also provides a method for screening 
a substance capable of inhibiting or activating NF - fc B activation, 
a kit for the screening, a substance capable of inhibiting or 
activating NF - /CB activation obtainable by the screening method or 
the screening kit, a process for producing the substance, a 
pharmaceutical composition containing a substance capable of 
inhibiting or activating NF - /CB activation, etc. 
MEANS TO SOLVE THE PROBLEM 

Recently, random analysis of cDNA molecules has been 
intensively carried out to analyze various genes which are expressed 
in vivo. The cDNA fragments thus obtained have been entered for 
databases and published as ESTs (Expressed Sequence Tags, e.g., 
http//www. ncbi .nlm.nih.gov/dbEST) . However, ESTs are merely 
sequence information, and it is difficult to predict their functions. 
ESTs are also arranged in UniGene 

(ht tp/ /www .ncbi.nlm.nih.gov/UniGene) , and about 80, 000 human genes 
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have been registered until now. However, most of these ESTs have 
their 5' end nucleotide sequences deleted, and contain no 
translation initiation site. Therefore it is unlikely that such 
analysis will directly lead to gene functional analysis such as the 
analysis of protein functions on the assumption of the determination 
of mRNA coding regions and the understanding of gene expression 
control by the analysis of promoters. 

On the other hand, one method to elucidate functions of gene 
products (i.e., proteins) is transient expression cloning method 
using animal cells [see e.g., "Idenshi Kougaku Handbook (Genetic 
Engineering Handbook) 11 , an extra issue of "Jikken Igaku 
(Experimental Medicine) " , YODOSHA CO . , LTD . ] . This method involves 
transfecting animal cells with a cDNA library constructed using an 
animal cell expression vector to directly express a functional 
protein , and iden t i f ying and c loning the cDNA based on the biological 
activity of the protein having an effect on the cells. This method 
requires no chemical information (amino acid sequences and 
molecular weights) regarding the target protein product as a 
prerequisite, and allows the identification of cDNA clones by 
detecting specific biological activity of the protein expressed in 
the cells or culture. 

For the efficient expression cloning, there is a need to devise 
a method of preparing a cDNA library. Several methods have been 
widely used to construct cDNA libraries [e.g., the method of 
Gubbler-Hof fman : Gene 25 (1983); and the method of Okayama - Berg : 
Mol. Cell. Biol. 2 (1982)]. However, most of the cDNA molecules 
prepared by these methods have their 5' end nucleotide sequences 
deleted, and thus these methods rarely produce full-length cDNA, 
a complete DNA copy of mRNA. This is because the reverse 




transcriptase used to prepare cDNA from mRNA does not necessarily 
have high efficiency in producing full-length cDNA . Therefore it 
is necessary to improve these prior art methods in order to 
efficiently carry out the above expression cloning. 

In addition, in order to carry out the functional analysis 
of genes, it is essential to clone full-length cDNA sequences and 
express proteins from them. Therefore, it has been necessary to 
construct cDNA libraries containing enriched full-length cDNA for 
efficient expression cloning. 

The present inventors have intensively studied to solve the 
above problems. As a result, the present inventors have succeeded 
in constructing a full-length cDNA library by using the oligo- 
capping method; establishing an assay system using 293EBNA cells; 
and isolating a new DNA (cDNA) encoding a protein having a function 
of activating NF - /CB by using the assay system. This new DNA molecule 
induced NF - fC B activation by its expression in 293EBNA cells. This 
result shows that this new DNA is a signal transduction molecule 
involved in NF - /CB activation. Thus, the present invention has been 
completed . 

That is, the present invention relates to: 
(1) A protein selected from the group consisting of: 

(a) a protein which consists of an amino acid sequence selected from 
the group consisting of SEQ ID NOS : 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 
87 and 89; and 

(b) a protein which is capable of activating NF-/CB and consists 
of an amino acid sequence having at least one amino acid deletion, 
substitution or addition in an amino acid sequence selected from 
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the group consisting of SEQ ID NOS : 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 3 5, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 7 5, 77, 79, 81, 83, 8 5, 
87 and 89; 

(2) A protein which is capable of activating NF - K. B and comprises 
an amino acid sequence having a homology of at least 50% to the amino 
acid sequence of the protein according to above item (1); 

(3) A gene which consists of or comprises a nucleotide sequence 
encoding a protein selected from the group consisting of: 

(a) a protein which consists of an amino acid sequence selected from 
the group consisting of SEQ ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 
87 and 89; and 

(b) a protein which is capable of activating NF - /CB and consists 
of an amino acid sequence having at least one amino acid deletion, 
substitution or addition in an amino acid sequence selected from 
the group consisting of SEQ ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 7 1, 73, 75, 77, 79, 81, 83, 85, 
87 and 89 , ; 

(4) A gene which consists of or comprises a DNA sequence selected 
from the group consisting of: 

(a) a DNA sequence which consists of a nucleotide sequence selected 
from the group consisting of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 7 0, 72, 74, 76, 78, 80, 82, 
84 , 86 , 88 and 9 0 ; and 

(b) a DNA sequence which encodes a protein capable of activating 
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NF- KB and hybridizes with the DNA sequence of above item (a) under 
stringent condi tions ; 

(5) A gene comprising a nucleotide sequence which encodes a 
protein capable of activating NF - KB and has a homology of at least 
50% to the nucleotide sequence of the gene according to above item 

(3) or (4) ; 

(6) A protein encoded by a gene according to any one of above items 
(3) to (5); 

(7) A recombinant vector which comprises a gene according to any 
one of above items (3) to (5) ; 

(8) A transformant which comprises a recombinant vector according 
to above item (7); 

(9) A process for producing a polypeptide, which comprises 
expressing the polypeptide encoded by the DNA from the transformant 
according to above item (8) . 

The present invention also relates to a diagnostic method for 
a disease associated with the activation or inhibition of NF - K 
B, namely: 

(10) A method for diagnosing a disease associated with the 
expression or activity of NF -KB in a subject, which comprises the 
steps of : 

(a) determining the presence or absence of a mutation in the NF- 
K B coding nucleotide sequence in the genome of the subject; and/or 

(b) measuring the amount of the expression of the protein according 
to above item (6) in the subject. 

The present invention further relates to screening for and 
production of factors which regulate NF -KB activity; namely: 

(11) A method for screening a compound which inhibits or activates 
NF - /CB activation, which comprises the steps of: 
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(a) transforming a host cell with a gene encoding a protein capable 
of activating NF - K B, and a component capable of providing a 
detectable signal ; 

(b) culturing the transformed cell under conditions which permit 
the expression of the gene in the host cell; 

(c) contacting the transformed cell with one or more candidate 
compounds; and 

(d) measuring the detectable signal; 

(12) A process for producing a substance which inhibits or 
activates NF - /cb activation, which comprises the steps of: 

(a) transforming a host cell with a gene encoding a protein capable 
of activating NF - K B, and a component capable of providing a 
detectable signal ; 

(b) culturing the transformed cell under conditions which permit 
the expression of the gene in the host cell; 

(c) contacting the transformed cell with one or more candidate 
compounds ; 

(d) measuring the detectable signal; and 

(e) identifying and isolating the candidate compound in which the 
signal of the inhibition or activation of NF- fC B activation is 
detected ; 

(13) A compound which inhibits or activates NF -KB activation, 
which is obtained by the process according to above item (12); 

(14) A kit for screening for a compound which inhibits or activates 
NF - K B activation, which comprises: 

(a) a host cell transformed with a gene encoding a protein capable 
of activating NF - tc B, and a component capable of providing a 
detectable signal; and 

(b) a medium which permits the expression of the gene in the host 



13 




cell . 

The present invention also relates to: 

(15) A monoclonal or polyclonal antibody directed against a protein 
according to above item (1) or (2); 

(16) A process for producing a monoclonal or polyclonal antibody 
according to above item (15) , which comprises using a protein 
according to above item (1) or (2) as an antigen; 

(17) An antisense oligonucleotide against a gene according to any 
one of above items (3) to (5) ; 

(18) A ribozyme which inhibits NF - K B activation. 

The present invention further relates to therapy and a 
pharmaceutical composition involving these substances; namely: 

(19) A method for treating a disease, which comprises using a 
compound according to above item (13), and/or a monoclonal or 
polyclonal antibody according to above item (15), and/or an 
antisense oligonucleotide according to above item (17), and/or a 
ribozyme according to above item (18); 

(20) A pharmaceutical composition which comprises a compound 
according to above item (13) as an active ingredient; 

(21) A pharmaceutical composition which comprises a monoclonal or 
polyclonal antibody according to above item (15) as an active 
ingredient ; 

(22) A pharmaceutical composition which comprises an antisense 
oligonucleotide according to above item (17) as an active 
ingredient ; 

(23) The pharmaceutical composition according to above item (20) , 
wherein the target disease is selected from the group consisting 
of inflammation, autoimmune diseases, infections diseases and 
cancers . 
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The present invention also relates to: 

(24) A method for obtaining a new gene having a function, which 
comprises a method of using the ol igo - capping method to construct 
a full-length cDNA library, and a method of using a reporter gene 
indicative of the presence of a protein having the function; 

(25) A computer - readable medium on which a sequence data set has 
been stored, said sequence data set comprising at least one 
nucleotide sequence selected from the group consisting of SEQ ID 
NOS: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 
34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88 and 90, and/or at least 
one amino acid sequence selected from the group consisting of SEQ 
ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 
33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 
67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87 and 89; 

(2 6) A method for calculating a homology, which comprises comparing 
data on a medium according to above item (25) with data of other 
nucleotide sequences and/or amino acid sequences. 

At first, in order to further clarify the basic feature of 
the present invention, the present invention is explained by 
following how the present invention is completed. In order to obtain 
a new gene having a function of activating NF -KB, the following 
experiments were carried out as shown in the examples. First, using 
the oligo-capping method, a full-length cDNA was produced from mRNA 
prepared from normal human lung fibroblasts (purchased from Sanko 
JunyakuCo., Ltd.), and a ful 1 - length cDNA 1 ibrary was cons true ted 
in which the cDNA was inserted into the vector pME18S-FL3 (GenBank 
Accession AB009864). Next, the cDNA library was introduced into 
E. coli cells, and plasmid preparation was carried out per clone. 
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Then, the pNK /c B - Luc reporter plasmid (STRATAGENE) containing a DNA 
encoding luciferase and the above full-length cDNA plasmid were 
cotransf ected into 293-EBNA cells (Invitrogen) . After 24 or 48 hours 
of culture, luciferase activity was measured, and the plasmid with 
significantly increased luciferase activity compared to that of a 
control experiment was selected (the selected plasmid showed a 
10-fold or more increase in luciferase activity compared to that 
of the control experiment) , and the entire nucleotide sequence of 
the cDNA cloned into the plasmid was determined. The protein 
encoded by the cDNA thus obtained shows that this protein is a signal 
transduction molecule involved in NF - fC B activation. 

The present invention is explained definitely below. 

The present invention includes a protein selected from the 
group consisting of (a) a protein which consists of an amino acid 
sequence selected from the group consisting of SEQ ID NOS : 1, 3, 
5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 
39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 
73, 75, 77, 79, 81, 83, 85, 87 and 89; and (b) a protein which is 
capable of activating NF- /CB and consists of an amino acid sequence 
having at least one amino acid deletion, substitution or addition 
in an amino acid sequence selected from the group consisting of SEQ 
ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 
33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 
67, 69, 7 1, 73, 75, 77, 79, 8 1, 83, 85, 87 and 89. The Examples 
section described below demonstrate that the protein consisting of 
an amino acid sequence of the above SEQ ID NOS : 1, etc., is capable 

of activating NF -KB. 

Those skilled in the art can prepare a protein having the same 
NF- /CB activating activity as the protein having an amino acid 
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sequence of SEQ ID NOS 1, etc by means of appropriate substitution 
of an amino acid substitution in the protein using the known methods . 
One such method involves using conventional mutagenesis procedures 
for the DNA encoding the protein. Another method is, for example, 
site-directed mutagenesis (e.g., Mutan-Super Express Km Kit from 
Takara Shuzo Co., Ltd.) . Mutations of amino acids in proteins may 
also occur in nature. Thus, the present invention also includes 
a mutated protein which is capable of activating NF - K B and which 
has at least one amino acid deletion, substitution or addition 
compared to the corresponding SEQ ID NO amino acid sequence. The 
number of mutations is preferably up to 10, more preferably up to 
5, most preferably up to 3 . 

Examples of such amino acid substitutions include 
substitutions within the following groups: (glycine, alanine), 
(valine, isoleucine, leucine), (aspartic acid, glutamic acid), 
(asparagine, glutamine), (serine, threonine), (lysine, arginine) 
and (phenylalanine, tyrosine) . 

Based on the DNA sequences (e.g., SEQ ID NO: 2) encoding a 
protein consisting of an amino acid sequence of SEQ ID NOS: 1, 3, 
5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 
39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 7 1, 
73, 75, 77, 79, 81, 83, 8 5, 87 or 89, or fragments thereof, those 
skilled in the art can routinely isolate a DNA with a high homology 
to these DNA sequences by using hybridization techniques and the 
like, and obtain proteins having the same NF- K B activating activity 
as the protein having of an amino acid sequence of SEQ ID NOS 1, 
etc. Thus, the present invention also includes a protein which is 
capable of activating NF- KB and comprises an amino acid sequence 
having a high homology to the amino acid sequence of above SEQ ID 
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NOS 1, etc. "High homology" refers to an amino acid sequence having 
a homology of at least 50%, preferably at least 70%, more preferably 
at least 80%, even more preferably at least 90%, at the amino acid 
level . 

The protein of the present invention may be natural proteins 
derived from any human or animal cells or tissues, chemically 
synthesized proteins, or proteins obtained by genetic recombination 
techniques. The protein may or may not be subjected to post- 
translational modifications such as sugar chain addition or 
phosphorylation . 

The present invention also includes a gene encoding the above 
protein of the present invention. Examples of nucleotide sequences 
encoding a proteins consisting of an amino acid sequence of SEQ ID 
NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 
35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 
69, 71, 73, 75, 77, 79, 81, 83, 85, 87 or 89 include nucleotide 
sequences of SEQ ID NOS : 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 

24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 

58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88 or 
90. The gene of the present invention includes DNA substantially 
comprising these entire nucleotide sequences or fragments thereof, 
as well as its corresponding RNA . The DNA includes cDNA, genomic 
DNA, and chemically synthesized DNA. In accordance with the 
degeneracy of the genetic code, at least one nucleotide in the 
nucleotide sequence encoding a protein consisting of an amino acid 
sequence of SEQ ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 

25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 

59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87 or 89 
can be substituted with other nucleotides without altering the amino 
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acid sequence of the protein produced from the gene. Therefore the 
DNA sequences of the present invention also include nucleotide 
sequences altered by substitution based on the degeneracy of the 
genetic code. Such DNA sequences can be synthesized using known 
methods . 

The DNA of the present invention includes a DNA which encodes 
a protein capable of activating NF - K B and hybridizes under 
stringent conditions with the DNA sequence of the above nucleotide 
sequence of SEQ ID NOS : 2, etc. The stringent conditions are 
apparent to those skilled in the art, and can be easily attained 
in accordance with various laboratory manuals such as T. Maniatis 
et al., Molecular Cloning A Laboratory Manual, Cold Spring Harbor 
Laboratory 1982, 1989. 

That is, "stringent conditions" refer to overnight incubation 
at 37°C in a hybridization solution containing 30% formamide, 
followed by washing ( three times) in 2 x SSC, 0.1% SDS for 10 minutes 
at room temperature, then followed by washing (two times) in 0 . 2 
x SSC, 0.1% SDS for 10 minutes at 37 °C . Preferred stringent 
conditions are overnight incubation at 42 C in a hybridization 
solution containing 40% formamide, followed by washing (three 
times) in 2 x SSC, 0.1% SDS for 10 minutes at room temperature, then 
followed by washing ( two times) in0.2xSSC, 0.1% SDS for 10 minutes 
at 42 °C . More preferred stringent conditions are overnight 
incubation at 42 'C in a hybridization solution containing 50% 
formamide, followed by washing (three times) in 2 x SSC, 0.1% SDS 
for 10 minutes at room temperature, followed by washing (two times) 
in 0.2 x SSC, 0.1% SDS for 10 minutes at 50'C . The DNA sequence 
thus obtained must encode a protein capable of activating NF - K. 
B . 
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The present invention also includes a gene comprising a 
nucleotide sequence which encodes a protein capable of activating 
NF- /CB and has a homology of at least 50% to the nucleotide sequence 
of the gene according to above item (3) or (4). 

The homology of the nucleotide sequences is more preferably 
at least 70%, even more preferably at least 80%, most preferably 
at least 90%. 

The above DNA sequence of the present invention can be used 
to produce the above protein using recombinant DNA techniques. In 
general, the DNA and peptide of the present invention can be obtained 
by: 

(A) cloning the DNA encoding the protein of the present invention; 

(B) inserting the DNA encoding the entire coding region of the 
protein or a part thereof into an expression vector to construct 
a recombinant vector; 

(C) transforming host cells with the recombinant vector thus 
constructed; and 

(D) culturing the obtained cells to express the protein or its 
analogue, and then purifying it by column chromatography. 

General procedures necessary to handle DNA and recombinant 
host cells (e.g., E. coli) in the above steps are well known to those 
skilled in the art, and can be easily carried out in accordance with 
various laboratory manuals such as T. Maniatis et al. , supra. All 
the enzymes, reagents, etc., used in these procedures are 
commercially available, and unless otherwise stated, such 
commercially available products can be used according to the use 
conditions specified by the manufactures' instructions to attain 
completely its objects. The above steps (A) to (D) can be further 
illustrated in more details as follows. 
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Techniques for cloning the DNA encoding the protein of the 
present invention include, in addition to the methods described in 
the specification of the present application, PCR amplification 
using a synthetic DNA containing the nucleotide sequence of the 
present invention (e.g., SEQ ID NO: 2) as a primer, and selection 
of the DNA inserted into a suitable vector by hybridization with 
a labeled DNA fragment encoding a partial or full coding region of 
the protein of the present invention or a labeled synthetic DNA. 
Another technique involves direct amplification from total RNAs or 
mRNA fractions prepared from cells or tissues, using the reverse 
transcriptase polymerase chain reaction (RT-PCR method) . As a DNA 
inserted into a suitable vector, for example, a commercially 
available library (e.g., from CLONTECH and STRATAGENE) can be used. 
Techniques for hybridization are normally used in the art, and can 
be easily carried out in accordance with various laboratory manuals 
such as T. Mania tis et al . , supra. Depending on the intended purpose, 
the cloned DNA encoding the protein of the present invention can 
be used as such or if desired after digestion with a restriction 
enzyme or addition of a linker. The DNA thus obtained may be a gene 
having a nucleotide sequence of SEQ ID NOS : 2, 4, 6, 8, 10, 12, 14, 
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 7 0, 72, 74, 76, 78, 80, 82, 
84, 86, 88 or 90, or a gene of above items (3) to (5) . The DNA sequence 
to be inserted into an expression vector in the above step (B) may 
be a full-length cDNA encoding the above full-length protein or a 
DNA fragment, or a DNA fragment constructed so that it expresses 

a part thereof . 

Thus, the present invention also includes a recombinant vector 
which comprises the above DNA sequence. The expression vector for 
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the protein of the present invention can be produced, for example, 
by excising the desired DNA fragment from the DNA encoding the 
protein of the present invention, and ligating the DNA fragment 
downstream of a promoter in a suitable expression vector. 

Expression vectors for use in the present invention may be 
any vectors derived from prokaryotes (e.g., E . coli), yeast, fungi, 
insect viruses and vertebrate viruses so long as such vectors are 
replicable. However, the vectors which are compatible with 
microorganisms or cells used as hosts should be selected. Suitable 
combinations of host cell - expression vector systems are selected 
depending on the desired expression product. 

When bacteria are used as hosts, plasmid vectors compatible 
with these bacteria are generally used as replicable expression 
vectors for recombinant DNA molecules. 

For example, the plasmids pBR322 and pBR327can be used to 
transform E. coli. Plasmid vectors normally contain an origin of 
replication, a promoter, and a marker gene conferring upon a 
recombinant DNA a phenotype useful for selecting the cells 
transformed with the recombinant DNA. Example of such promoters 
include a j3 - lactamase, lactose promoter and tryptophan promoter. 
Examples of such marker genes include an ampicillin resistance gene, 
and a tetracycline resistance gene. Examples of suitable 
expression vectors include the plasmids pUC18 and pUC19 in addition 
to pBR322, pBR327. 

In order to express the DNA of the present invention in yeast, 
for example, YEp24 can be used as a replicable vector. The plasmid 
YEp24 contains the URA3 gene, which can be employed as a marker gene. 
Examples of promoters in expression vectors for yeast cells include 
promoters derived from genes for 3 - phosphog 1 y c e ra t e kinase, 





glyceraldehyde -3 -phosphate 



dehydrogenase 



and 



alcohol 



dehydrogenase . 

Examples of promoters and terminators for use in expression 
vectors to express the DNA of the present invention in fungal cells 
include promoters and terminators derived from genes for 
phosphoglycerate kinase (PGK) , glyceraldehyde - 3 - phosphate 
dehydrogenase ( GAPD ) and actin. Examples of suitable expression 
vectors include the plasmids pPGACY2 and pBSFAHY83 . 

Examples of promoters for use in expression vectors to express 
the DNA of the present invention in insect cells include a polyhedrin 
promoter and P10 promoter. 

Recombinant vectors used to express the DNA of the present 
invention in animal cells normally contain functional sequences to 
regulate genes, such as an origin of replication, a promoter to be 
placed upstream of the DNA of the present invention, a 
ribosome -binding site, a polyadenyla t ion site and a transcription 
termination sequence. Such functional sequences which can be used 
to express the DNA of the present invention in eukaryotic cells can 
be obtained from viruses and viral substances. Examples of such 
functional sequences include an SRa promoter, SV40 promoter, LTR 
promoter, CMV (cytomegalovirus) promoter and HSV-TK promoter. 
Among them, a CMV promoter and SRa promoter can be preferably used. 
As promoters to be placed inherently upstream of the gene encoding 
the protein of the present invention, any promoters can be used so 
long as they are suitable for use in the above host-vector systems. 
Examples of origins of replication include foreign origins of 
replication, for example, those derived from viruses such as 
adenovirus, polyoma virus and SV40 virus. When vectors capable of 
integration into host chromosomes are used as expression vectors, 
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origins of replication of the host chromosomes may be employed. 
Examples of suitable expression vectors include the plasmids 
pSV-dhfr (ATCC 37146), pBPV-l(9-l) (ATCC 37111), pcDNA3 . 1 
( INVI TROGEN ) and pME18S-FL3. 

The present invention also includes a transformant which 
comprises the above recombinant vector. 

Microorganisms or cells transformed with the replicable 
recombinant vector of the present invention can be selected from 
remaining un trans formed parent cells based on at least one phenotype 
conferred by the recombinant vector. Phenotypes can be conferred 
by inserting at least one marker gene into the recombinant vector. 
Marker genes naturally contained in replicable vectors can be 
employed. Examples of marker genes include drug resistance genes 
such as neomycin resistance genes, and genes encoding dihydrof ola te 
reductase . 

As hosts for use in the above step (C) , any of prokaryotes 
(e.g., E . coli) , microorganisms (e.g., yeast and fungi) as well as 
insect and animal cells can be used so long as such hosts are 
compatible with the expression vectors used. Examples of such 
microorganisms include Escherichia coli strains such as E. coli K12 
strain 294 (ATCC 31446) , E. coli X1776 (ATCC 31537) , E. coli C600, 
E. coli JM109 and E. coli B strain; bacterial strains belonging to 
the genus Bacillus such as Bacillus subtilis; intestinal bacteria 
other than E. coli, such as Salmonella typhimurium or Serratia 
marc esc ens ; and various strains belonging to the genus Pseudomonas . 
Examples of such yeast include Saccharomyces cerevisiae, 
Schi zosaccharomyces pombe, and Pichia pastoris. Examples of such 
fungi include Aspergillus nidulans, and Acremonium chrysogenum 
(ATCC 1 1550 ) . 
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As insect cells, for example, Spodoptera frugiperda (Sf cells) , 
High Five™ cells derived from eggs of Trichoplusia ni, etc., can 
be used when the virus is AcNPV. Examples of such animal cells 
include HEK 293 cells, COS - 1 cells, COS - 7 cells, Hela cells, and 
Chinese hamster ovary (CHO) cells. Among them, CHO cells, HEK 293 
cells, etc., are preferred. 

When cells are used as hosts, combinations of expression 
vectors and host cells to be used vary with experimental objects. 
According to such combinations, two types of expression (i.e. 
transient expression and constitutive expression) can be included. 

"Transformation" of microorganisms and cells in the above step 
(C) refers to introducing DNA into microorganisms or cells by 
forcible methods or phagocytosis of cells and then transiently or 
cons ti tutively expressing the trait of the DNA in a plasmid or an 
intra- chromosome integrated form. Those skilled in the art can 
carry out transformation by known methods [see e.g., "Idenshi 
Kougaku Handbook (Genetic Engineering Handbook)", an extra issue 
of "Jikken Igaku ( Experimental Medicine) " , YODOSHA CO. , LTD.]. For 
example, in the case of animal cells, DNA can be introduced into 
cells by known methods such as DEAE-dextran method, calcium- 
phosphate - medi a ted trans feet ion , e 1 ec t ropora t ion , lipofection, 
etc. For stable expression of the protein of the present invention 
using animal cells, there is a method in which selection can be 
carried out by clonal selection of the animal cells containing the 
chromosomes into which the introduced expression vectors have been 
integrated. For example, transf orman ts can be selected using the 
above selectable marker as an indication of successful 
transformation. In addition, the animal cells thus obtained using 
the selectable marker can be subjected to repeated clonal selection 




to obtain stable animal cell strains highly capable of expressing 
the protein of the present invention. When a dihydrof ola te 
reductase (DHFR) gene is used as a selectable marker, one can culture 
animal cells while gradually increasing the concentration of 
methotrexate (MTX) and select the resistant strains, thereby 
amplifying the DNA encoding the protein of the present invention 
together with the DHFR gene to obtain animal cell strains having 
higher levels of expression. 

The above transformant can be cultured under conditions which 
permit the expression of the DNA encoding the protein of the present 
invention to produce and accumulate the protein of the present 
invention. In this manner, the protein of the present invention 
or a salt thereof can be produced. Thus, the present invention also 
includes a process for producing a protein, which comprises 
expressing the protein encoded by the above DNA from the above 
transformant . 

The above transformant can be cultured by methods known to 
those skilled in the art (see e.g., "Bio Manual Series 4 " , YODOSHA 
CO. , LTD.) . For example, animal cells can be cultured by various 
known animal cell culture methods including attachment culture such 
as Petri dish culture, multitray type culture and module culture, 
attachment culture in which cells are attached to cell culture 
carriers (microcarr ier s ) , suspension culture in which productive 
cells themselves are suspended. Examples of media for use in the 
culture include media commonly used for animal cell culture, such 
as D - MEM and RPMI 1640. 

In order to separate and purify the protein of the present 
invention from the above culture, suitable combinations of per se 
known separation and purification methods can be used. Examples 
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such methods include methods based on solubility, such as 
salting-out and solvent precipitation; methods based on the 
difference in charges, such as ion-exchange chromatography; methods 
mainly based on the difference in molecular weights, such as dialysis, 
ultrafiltration, gel filtration and SDS - polyacry lamide gel 
electrophoresis; methods based on specific affinity, such as 
affinity chromatography; methods based on the difference in 
hydrophobici ty , such as reverse phase high performance liquid 
chromatography; and methods based on the difference in isoelectric 
points, such as isoelectric focusing. 

The protein of the present invention can also be produced as 
a fusion protein with another protein. These fusion proteins are 
also included within the present invention. For the expression of 
such fusion proteins, any vectors can be used so long as the DNA 
encoding the protein can be inserted into the vectors and the vectors 
can express the fusion protein. Examples of fusion protein include 
glutathione S - trans f erase (GST) and a hexa - hi s t idine sequence (6 
x His) . The fusion protein of the protein of the present invention 
with another protein can be advantageously purified by affinity 
chromatography using a substance with an affinity for the fusion 
partner protein. For example, fusion proteins with GST can be 
purified by affinity chromatography using glutathione as a ligand. 

The present invention also includes an inhibitory protein, 
i.e., a protein capable of inhibiting the activity of the protein 
of above item (6) . Examples of such inhibitory proteins include 
antibodies, or proteins which bind to active sites of proteins, 
thereby inhibiting the expression of their activity. 

The present invention also relates to an antibody directed 
against the protein of the present invention or a fragment thereof, 
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and to its production. The antibody is not specifically limited 
so long as it can recognize the protein of the present invention. 
Examples of such antibodies include polyclonal antibodies, 
monoclonal antibodies and their fragments, single chain antibodies 
and humanized antibodies. Antibody fragments can be produced by 
known techniques. Examples of such antibody fragments include, but 
not limited to, F(ab') 2 fragments, Fab' fragments, Fab fragments 
and Fv fragments. The antibody directed against the protein of the 
present invention can be produced using the protein of the present 
invention or a peptide thereof as an immunogen according to per se 
known process for producing antibodies or antisera. Such methods 
are described, for example, in "Shin Idenshi Kougaku Handbook (New 
Genetic Engineering Handbook)", the third edition, an extra issue 
of "Jikken Igaku (Experimental Medicine)", YODOSHA CO., LTD. 

In the case of polyclonal antibodies , for example, the protein 
of the present invention or a peptide thereof can be injected to 
animals such as rabbits to produce antibodies directed against the 
protein or peptide, and then their blood can be collected. The 
polyclonal antibodies can be purified from the blood, for example, 
by ammonium sulfate precipitation or ion-exchange chromatography, 
or by using the affinity column on which the protein has been 
immobi 1 i zed . 

In the case of monoclonal antibodies, for example, animals 
such as mice are immunized with the protein of the present invention , 
their spleen is removed and homogenized to obtain spleen cells, which 
are then fused with mouse myeloma cells by using a reagent such as 
polyethylene glycol. From the resulting hybrid cells (i.e. 
hybridoma cells) , the clone producing the antibody directed against 
the protein of the present invention can be selected. Then, the 
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resulting clonal hybridoma cells can be implanted in traper i toneal ly 
into mice, the ascitic fluid recovered from the mice. The resulting 
monoclonal antibody can be purified, for example, by ammonium 
sulfate precipitation or ion-exchange chromatography, or by using 
the affinity column on which the protein has been immobilized. 

When the resulting antibody is used to administer it to humans, 
it is preferably used as a humanized antibody or human antibody in 
order to reduce its immunogeni c i ty . The humanized antibody can be 
produced using transgenic mice or other mammals. For a general 
review of humanized antibodies, see, for example, Morrison, S.L. 
et al . , Proc . Natl . Acad. Sci . USA, 81:6851-6855 (1984); Jones, P . T. 
et al . , Nature 321:522-525 (1986); Hiroshi Noguchi , Igaku no Ayumi 
(J. Clin. Exp. Med.) 167:457-462 (1993); Takashi Matsumoto, Kagaku 
to Seibutsu (Chemistry and Biology) 36:448-456 (1998). Humanized 
chimeric antibodies can be produced by linking a V region of a mouse 
antibody to a C region of a human antibody. Humanized antibodies 
can be produced by substituting a sequence derived from a human 
antibody for a region other than a compl emen tar i ty - de termining 
region from a mouse monoclonal antibody. In addition, human 
antibodies can be directly produced in the same manner as the 
production of conventional monoclonal antibodies by immunizing the 
mice whose immune systems have been replaced with human immune 
systems. These antibodies can be used to purify the protein of the 
present invention from a cell extract or transformed cells producing 
the protein of the present invention. These proteins can also be 
used to construct ELI S A , RIA (radioimmunoassay) and western 
blotting systems. These assay systems can be used for diagnostic 
purposes. These antibodies can also be used as reagents for 
studying functions of the protein of the present invention. 
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The antibodies of the present invention can be purified and 
then administered to patients. Thus in another aspect, the present 
invention is a pharmaceutical composition which comprises the above 
antibody as an active ingredient, and therapy using the antibody 
of the present invention. In such pharmaceutical compositions, the 
active ingredient may be combined with other therapeutically active 
ingredients or inactive ingredients (e.g., conventional 
pharmaceutical^ acceptable carriers or diluents such as 
immunogenic adjuvants) and physiologically non-toxic stabilizers 
and excipients. The resulting combinations can be sterilized by 
filtration, and formulated into vials after lyophi 1 i za t ion or into 
various dosage forms in stabilized and preservable aqueous 
preparations. These antibodies exhibit therapeutic activity by 
inhibiting the NF - K. B activation mediated by the protein of the 
present invention. 

The DNA of the present invention can also be used to isolate, 
identify and clone other proteins involved in intracellular signal 
transduction processes. For example, the DNA sequence encoding the 
protein of the present invention can be used as a "bait" in yeast 
two - hybrid systems (see e.g., Nature 340:245-246 (1989)) to isolate 
and clone the sequence encoding a protein ("prey") which can 
associate with the protein of the present invention. In a similar 
manner, it can be determined whether the protein of the present 
invention can associate with other cellular proteins (e.g. , NIK and 
TRAF2) . In another method, proteins which can associate with the 
protein of the present invention can be isolated from cell extracts 
by immunoprecipi tation [see e.g., "Shin Idenshi Kougaku Handbook 
(New Genetic Engineering Handbook) , an extra issue of " Jikken Igaku 
(Experimental Medicine)", YODOSHA CO., LTD.] using antibodies 



30 




directed against the protein of the present invention. In still 
another method, the protein of the present invention can be expressed 
as a fusion protein with another protein as described above, and 
immunoprecipi tated with an antibody directed against the fusion 
protein in order to isolate a protein which can associate with the 
protein of the present invention. 

The DNA of the present invention can be used to detect 
abnormality in the DNA or mRNA encoding the protein of the present 
invention or a peptide fragment thereof. Thus, for example, the 
DNA of the present invention is useful for gene diagnosis regarding 
damage, mutations, and reduced, increased or over- expression of 
the DNA or mRNA. That is, the present invention includes a method 
for diagnosing a disease associated with the expression or activity 
of NF -KB in a subject, which comprises the steps of: 

(a) determining the presence or absence of a mutation in the NF - 
KB coding nucleotide sequence in the genome of the subject; and/or 

(b) measuring the amount of the expression of the protein according 
to above item (6) in the subject, and comparing it with a normal 
value . 

When the NF - KB coding nucleotide sequence contains a mutation 
according to the above step (a) , the mutation may cause disease 
associated with the expression or activity of NF -KB. When the 
amount of the expression of the protein of above item (6) is different 
from the normal value according to the above step (b) , the abnormal 
expression of the NF - K b activating new protein of the present 
invention may be responsible for diseases associated with the 
expression or activity of NF -KB. Determination of the presence 
or absence of a mutation in the NF-KB coding nucleotide sequence 
in the above step (a) may involve RT-PCR using a part of the 
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nucleotide sequence of the NF - K B gene as a primer, followed by 
conventional DNA sequencing to detect the presence or absence of 
the mutation. PCR-SSCP [Genomics 5:874-879 (1989); "Shin Idenshi 
Kougaku Handbook (New Genetic Engineering Handbook)", an extra 
issue of "Jikken Igaku (Experimental Medicine) " , YODOSHA CO. , LTD.] 
can also be used to determine thepresenceorabsenceof the mutation. 
Measurement of the amount of the expression of the protein in the 
above step (b) may involve, for example, using the antibody of above 
item (15). Sequencing the nucleotide sequence may involve , for 
example, RT-PCR using a part of the nucleotide sequence of the gene 
of above items (3) to (5) as a primer, followed by conventional DNA 
sequencing to detect the presence or absence of the mutation. 
PCR-SSCP [Genomics 5 : 874 - 879 (1989); "Shin Idenshi Kougaku Handbook 
(New Genetic Engineering Handbook) " , an extra issue of "Jikken Igaku 
(Experimental Medicine)", YODOSHA CO., LTD.] can also be used to 
determine the presence or absence of the mutation. 

The present invention also relates to a method for screening 
for a compound which inhibits or activates the activation of the 
protein NF- KB of the present invention. Such method comprises the 
steps of (a) transforming a host cell with a gene encoding a protein 
capable of activating NF- K B , and a component capable of providing 
a detectable signal; (b) culturing the transformed cell under 
conditions which permit the expression of the gene in the host cell; 
(c) contacting the transformed cell with one or more candidate 
compounds; and (d) measuring the detectable signal. Examples of 
components capable of providing a detectable signal include 
reporter genes. Reporter genes are used instead of directly 
detecting the activation of transcription factors of interest. The 
transcriptional activity of a promoter of a gene is analyzed by 
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linking the promoter to a reporter gene and measuring the activity 
of the product of the reporter gene ("Bio Manual Series 4" (1994) , 
YODOSHA CO., LTD.) . Any peptide or protein can be used so long as 
those skilled in the art can measure the activity or amount of the 
expression product (including the amount of the produced mRNA) of 
the reporter genes. For example, enzymatic activity of 

chloramphenicol ace tyl trans f erase , 0 - galac tosidase , luciferase, 
etc . , can be measured. Any reporter plasmids can be used to evaluate 
NF-/CB activation so long as the reporter plasmids have an NF-/C 
B recognition sequence inserted upstream of the reporter gene. For 
example, pNF- /CB-Luc (STRATAGEGE) can be used. Other examples 
include NF - /C B dependent reporter plasmids described in Tanaka S. 
et al . , J. Vet . Med. Sci . Vol . 59 (7) ; Rothe M. et al . , Science Vol .269, 
p. 1424-1427 (1995). Any host cells can be used so long as NF - K 
B activation can be detected in the host cells . Preferred host cells 
are mammal cells such as 293 - EBNA cells . Transformation and culture 
of the cells can be carried out as described above. In a specific 
embodiment, the method for screening a compound which inhibits or 
activates NF -KB activation comprises culturing the transformed 
cell for a certain period of time, adding a certain amount of a test 
compound, measuring the reporter activity expressed by the cell 
after a certain period of time, and comparing the activity with that 
of a cell to which the test compound has not been added. The reporter 
activity can be measured by methods known in the art (see e.g. , "Bio 
Manual Series 4" (1994), YODOSHA CO., LTD.). Examples of test 
compounds include, but not limited to, low molecular weight 
compounds and peptides. Test compounds may be artificially 
synthesized compounds or naturally occurring compounds. Test 
compounds may be a single compound or mixtures. Examples of such 
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detectable signals which may be measured include the amount of mRNA 
or proteins for genes whose expression is known to be induced by 
NF- KB activation (e.g. , genes for IL-1 and TNF- a , in addition to 
the above reporter genes) . 

Thus, compounds which inhibit or activate NF- K B activation 
may be screened by the steps of: 

(a) transforming a host cell with a gene encoding a protein capable 
of activating NF - K B ; 

(b) culturing the transformed cell under conditions which permit 
the expression of the gene in the host cell; 

(c) contacting the transformed cell with one or more candidate 
compounds; and 

(d) measuring the amount of NF - /c B or mRNA of a protein whose 
expression is induced by NF -KB, or the amount of such protein. 

The amount of mRNA can be measured, for example, by northern 
hybridization, RT-PCR, etc. The amount of pro te ins can be measured , 
for example, by using antibodies. The antibodies may be produced 
by known methods. Commercially available antibodies (from, e.g., 
Wako Pure Chemical Industries, Ltd.) can also be used. 

The present invention also includes a compound obtainable by 
the above screening method. However, the screening method of the 
present invention is not limited to the above method. The present 
invention also includes a process for producing the above compound 
by the method of above item (12). 

The present invention also includes a kit for screening a 
compound which inhibits or activates NF -KB activation. The kit 
comprises (a) a host cell transformed with a gene encoding a protein 
capable of activating NF- KB, and a component capable of providing 
a detectable signal; and (b) a medium which permits the expression 
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of the gene in the host cell. Thus , the present invention provides 
the kit which contains reagents necessary for such screening. 

Because NF - K B is involved in a wide variety of pathological 
conditions such as inflammation, autoimmune diseases, cancers and 
viral infections, it is an attractive target for drug design and 
therapeutic intervention. Many experiments show that the 
inhibition of NF - /CB activity may have significant physiological 
effects [see e.g., Ann. Rheum. Ds . 57:7 38 -741 (1998); American 
Journal of Pathology 152:793-803 (1998); ARTHRITIS & RHEUMATISM 
40:226-236 (1997); Am. J. Respir. Crit. Care Med. 15 8:1585-1592 
(1998); J. Exp. Med. 18 8:1739-1750 (1998); Gut 42:477-484 (1998); 
The Journal of Immunology 161:4572-4582 (1998); Nature Medicine 
3:894-899 (1997)] . The finding of the new protein described herein 
capable of activating NF - K B has provided a new method for inhibi ting 
an abnormal NF- /c B function. Thus, the present invention also 
relates to use of a compound which inhibits the function of the 
protein capable of ac t ivating NF - K B described above, for inhibiting 
NF - /CB activation. The compound obtained by the above screening 
method, which inhibits NF - /CB activation, is useful as a medicament 
to treat or prevent diseases characterized by undesirable 
activation of NF - KB, such as inflammation, autoimmune diseases, 
infectious diseases (e.g., HIV infection) and cancers. Recently, 
it has also become apparent that NF- fc B activation inhibits 
apoptosis of cells. The compound obtained by the above screening 
method, which inhibits NF- K B activation, may be capable of 
stimulating apoptosis. Diseases which may be treated by the 
induction of apoptosis include tumors. 

On the other hand, diseases which may be treated by the 
inhibition of apoptosis include GVHD, skin diseases such as toxic 
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epidermal necrolysis (TEN), proliferative nephritides (e.g., IgA 
nephritis, purpuric nephritis and lupus nephritis) and fulminant 
hepatitis. Thus, the compound obtained by the above screening 
method, which activates NF - KB activation, is useful as a medicament 
to treat or prevent these diseases. 

In addition, the gene encoding the protein of the present 
invention is useful for gene therapy to treat various diseases such 
as cancers, autoimmune diseases, allergy diseases and inflammatory 
response. "Gene therapy" refers to administering into the human 
body a gene or a cell into which a gene has been introduced. The 
protein of the present invention and the DNA encoding the protein 
can also be used for diagnostic purposes. 

The compound obtained by the screening method of the present 
invention or a salt thereof can be formulated into the above 
pharmaceutical compositions (e.g., tablets, capsules, elixirs, 
microcapsules, sterile solutions and suspensions) according to 
conventional procedures. The formulations thus obtained are safe 
and low toxic, and can be administered, for example, to humans and 
mammals (e.g., rats, rabbits, sheep, pigs, cattle, cats, dogs and 
monkeys) . Administration to patients can be carried out by methods 
known in the art, such as in tra - arterial injection, intravenous 
injection and subcutaneous injection. The dosage may vary with the 
weight and age of the patient as well as a mode of administration, 
but those skilled in the art can appropriately select suitable 
dosages. When the compound can be encoded by DNA, the DNA can be 
inserted into a vector for gene therapy, and gene therapy can be 
carried out. The dosage and mode of administration may vary with 
the weight, age and symptoms of the patient, but those skilled in 
the art can appropriately select them. Thus, the present invention 
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also relates to a pharmaceutical composition which comprises the 
above compound as an active ingredient. 

In addition, the above compound is useful as a medicament to 
treat or prevent diseases characterized by undesirable activation 
of NF- KB, such as inflammation, autoimmune diseases, viral diseases, 
infectious diseases and cancers. Thus, the present invention also 
relates to a pharmaceutical composition for inflammation, 
autoimmune diseases , vi ral di seas es , cancers, etc., which comprises 
the above compound. Specifically, the pharmaceutical composition 
is useful as a therapeutic and prophylactic drug against , for example , 
rheumatoid arthritis , osteoarthritis, systemic lupus erythematosus, 
diabetes, sepsis, asthma, allergic rhinitis, ischemic heart 
diseases, inflammatory intestinal diseases, subarachnoid 
hemorrhage, viral hepatitis and AIDS. 

The present invention also relates to the use of a compound 
of above item (13) for manufacturing a medicament against 
inflammation, autoimmune diseases, viral diseases, cancers, etc. 
The present invention also includes an antisense oligonucleotide 
against a gene of any one of above items (3) to (5) . An antisense 
oligonucleotide refers to an oligonucleotide complementary to the 
target gene sequence. The antisense oligonucleotide can inhibit 
the expression of the target gene by inhibiting RNA functions such 
as translation to proteins, transport to the cytoplasm and other 
activity necessary for overall biological functions. In this case, 
the antisense oligonucleotide may be RNA or DNA . The DNA sequence 
of the present invention can be used to produce an antisense 
oligonucleotide capable of hybridizing with the mRNA transcribed 
from the gene encoding the protein of the present invention. It 
is known that an antisense oligonucleotide generally has an 
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inhibitory effect on the expression of the corresponding gene (see 
e.g., Saibou Kougaku Vol.13, No . 4 (1994)). The oligonucleotide 
containing an antisense coding sequence against a gene encoding the 
protein of the present invention can be introduced into a cell by 
standard methods. The oligonucleotide effectively blocks the 
translation of mRNA of the gene encoding the protein of the present 
invention, thereby blocking its expression and inhibiting 
undesi rable ac t ivi ty . 

The oligonucleotide of the present invention may be a 
naturally occurring oligonucleotide or its modified form [see e.g. , 
Murakami &Makino, Sa ibou Kougaku Vol . 1 3 , No . 4 , p. 259-266 (1994); 
Akira Murakami , Tanpaku shi t su Kakusan Kouso (PROTEIN, NUCLEIC ACID 
AND ENZYME) Vol.40, No. 10, p. 1364-1370 (1995)]. Thus, the 
oligonucleotide may have modified sugar moieties or inter-sugar 
moieties. Examples of such modified forms include phospho thioa tes 
and other sul f ur - con taining species used in the art. According to 
several preferred embodiments of the present invention, at least 
one phosphodies ter bond in the oligonucleotide is substituted with 
the structure which can enhance the ability of the composition to 
permeate cellular regions where RNA with the activity to be regulated 
is located. 

Such substitution preferably involves a phosphorothioate 
bond, a phosphoramida t e bond, me thylphosphona te bond, or a 
short - chain alkyl or cycloalkyl structure . The oligonucleotide may 
also contain at least some modified base forms . Thus , it may contain 
purine and pyrimidine derivatives other than naturally occurring 
purine and pyrimidine. Similarly, the furanosyl moieties of the 
nucleotide subunits can be modified so long as the essential purpose 
of the present invention is attained. Examples of such 
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modifications include 2 , -0-alkyl and 2* -halogen substituted 
nucleotides. Examples of modifications in sugar moieties at their 
2-position include OH, SH, SCH 3 , OCH 3 , OCN or 0(CH 2 ) n CH 3 , wherein n 
is 1 to about 10, and other substituents having similar properties. 
All the analogues are included in the scope of the present invention 
so long as they can hybridize with the mRNA of the gene of the present 
invention to inhibit functions of the mRNA. 

The oligonucleotide of the present invention contains about 
3 to about 50 nucleotides, preferably about 8 to about 25 nucleotides, 
more preferably about 12 to about 20 nucleotides. The 
oligonucleotide of the present invention can be produced by the 
well-known solid phase synthesis technique. Devices for such 
synthesis are commercially available from some manufactures 
including Applied Biosystems. Other oligonucleotides such as 
phospho thioates can also be produced by methods known in the art. 

The oligonucleotide of the present invention is designed to 
hybridize with the mRNA transcribed from the gene of the present 
invention. Those skilled in the art can easily design an antisense 
oligonucleotides based on a given gene sequence. 

Another method includes the triple helix technique. This 
technique involves forming a triple helix on the targeted 
intra - nuclear DNA sequence, thereby regulating its gene expression, 
mainly at the transcription stage. The oligonucleotide is designed 
mainly in the gene region involved in the transcription and inhibits 
the transcription and the production of the protein of the present 
invention. Such RNA , DNA and oligonucleotide can be produced using 
known synthesizers . 

The oligonucleotide may be introduced into the cells 
containing the target nucleic acid sequence by any of DNA 
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transfection methods such as calcium phosphate method, 
electroporation, lipofection, microinjection, or gene transfer 
methods including the use of gene transfer vectors such as viruses. 
An antisense oligonucleotide expression vector can be prepared 
using a suitable retrovirus vector, then the expression vector can 
be introduced into the cells containing the target nucleic acid 
sequence by contacting the vector with the cells in vivo or ex vivo. 

The DNA of the present invention can be used in the antisense 
RNA/DNA technique or the triple helix technique to inhibit NF - fC 
B activation mediated by the protein of the present invention. 

The antisense oligonucleotide against the gene encoding the 
protein of the present invention is useful as a medicament to treat 
or prevent diseases characterized by undesirable activation of NF - 
/CB, such as inflammation, autoimmune diseases, infectious diseases 
(e.g., HIV infection) and cancers . Thus, the present invention also 
includes a pharmaceutical composition which comprises the above 
antisense oligonucleotide as an active ingredient. The antisense 
oligonucleotide can also be used to detect such diseases using 
northern hybridization or PCR . 

The present invention also includes a ribozyme which inhibits 
NF - /cb activation. A ribozyme is an RNA capable of recognizing a 
nucleotide sequence of a nucleic acid and cleaving the nucleic acid 
(see e.g., Hiroshi Yanagawa, "Jikken Igaku (Experimental Medicine) 
Bioscience 12: New Age of RNA). The ribozyme can be produced so 
that it cleaves the selected target RNA (e.g., mRNA encoding the 
protein of the present invention) . Based on the nucleotide sequence 
of the DNA encoding the protein of the present invention, the 
ribozyme specifically cleaving the mRNA of the protein of the present 
invention can be designed. Such ribozyme has a complementary 
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sequence to the mRNA for the protein of the present invention, 
complementari ly associates with the mRNA and then cleaves the mRNA, 
which results in reduction or entire loss of the expression of the 
protein of the present invention. The level of the reduction of 
the expression is dependent on the level of the ribozyme expression 
in the target cells. 

There are two types of ribozyme commonly used: a hammerhead 
ribozyme and a hairpin ribozyme. In particular, hammerhead 
ribozymes have been well studied regarding their primary and 
secondary structure necessary for their cleavage activity, and 
those skilled in the art can easily design the ribozymes nucleotided 
solely on the nucleotide sequence information for the DNA encoding 
the protein of the present invention [see e.g., Iidaetal., Saibou 
Kougaku Vol. 16, No. 3, p. 438-445 (1997); Ohkawa & Taira , Jikken Igaku 
(Experimental Medicine) Vol.12, No. 12, p. 83-88 (1994)]. It is 
known that the hammerhead ribozymes have a structure consisting of 
two recognition sites (recognition site I and recognition site II 
forming a chain complementary to target RNA) and an active site, 
and cleave the target RNA at the 3 1 end of its sequence NUX (wherein 
N is A or G or C or U, and X is A or C or U)after the formation of 
a complementary pair with the target RNA in the recognition sites. 
In particular, the sequence GUC (or GUA) has been found to have the 
highest activity [see e.g., Koizumi, M. et al . , Nucl. Acids Res. 
17:7059 - 7071 (1989); Iida et al. , Saibou Kougaku Vol.16, No . 3 , 
p. 438 - 445 (1997); Ohkawa & Taira, Jikken Igaku (Experimental 
Medicine) Vol.12, No. 12, p. 83-88 (1994); Kawasaki & Taira, Jikken 
Igaku (Experimental Medicine) Vol.18, No . 3 , p. 381-386 (2000)]. 

Therefore the sequence GTC (or GTA) is searched out, and a 
ribozyme is designed to form several to ten-odd complementary base 
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pairs around that sequence. The suitability of the designed 
ribozyme can be evaluated by checking whether the prepared ribozyme 
can cleave the target mRNA in vitro. The ribozyme can be prepared 
by methods known in the art to synthesize RNA molecules. 

Alternatively, the sequence of the ribozyme can be synthesized 
on a DNA synthesizer and inserted into various vectors containing 
a suitable RNA polymerase promoter (e.g., T7 or SP6) to en zyma t i ca 1 ly 
synthesize an RNA molecule in vitro. Such ribozymes can be 
introduced into cells by gene transfer methods such as 
microinjection. Another method involves inserting a ribozyme DNA 
into a suitable expression vector and introducing the vector into 
cell strains, cells or tissues. Suitable vectors can be used to 
introduce the ribozyme into a selected cell. Examples of vectors 
commonly used for such purpose include plasmid vectors and animal 
virus vectors (e.g., retrovirus, adenovirus, herpes or vaccinia 
virus vectors). Such ribozymes are capable of inhibiting the NF - 
KB activation mediated by the protein of the present invention. 

The present invention also relates to a process for obtaining 
a new gene having a function, which comprises using the ol i go - capp ing 
method to construct a full - length cDNA library, and using a reporter 
gene indicative of the presence of a protein having the function. 

Methods using a cDNA library containing a lot of non- 
full-length cDNAs are inefficient in obtaining many genes (cDNAs) 
having functions. Therefore libraries with a high ratio of the 
number of the full-length cDNA clones to the total number of the 
clones are necessary. "Full-length cDNA " refers to a complete DNA 
copy of mRNA from a gene. The cDNA libraries produced using the 
ol igo - capping method contain full-length cDNA clones in a ratio of 
50 to 80%, namely, a 5 to 10-fold increase in full-length c DNA clones 
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compared to the cDNA libraries produced by prior art methods (Sumio 
Sugano, the monthly magazine BIO INDUSTRY Vol . 16, No. 11, p. 19-26) . 
Full-length cDNA clones are essential for protein expression in 
functional analyses of genes, and full-length cDNA clones 
themselves are very important materials for activity measurement. 
Thus, cloning of full-length cDNA is necessary for functional 
analyses of genes. Sequencing of the cDNA not only provides 
important information for establishing the primary sequence of the 
protein encoded by the cDNA, but also reveals the entire exon 
sequence . Thus , the full - length cDNA provides valuable information 
for identifying a gene, such as information for determining the 
primary sequence of a protein, exon-intron structure, the 
transcription initiation site of mRNA , the location of a promoter, 
etc . 

The construction of full-length cDNA libraries by the 
oligo- capping method can be carried out, for example, according to 
the method described in "Shin Idenshi Kougaku Handbook (New Genetic 
Engineering Handbook)", the third edition (1999), an extra issue 
of "Jikken Igaku (Experimental Medicine)", YODOSHA CO., LTD. The 
reporter gene indicative of the presence of a protein having a 
function contains one or more suitable expression regulation 
sequence portion to which a protein factor such as a transcriptional 
factor can bind, and a structural gene portion which allows the 
measurement of the activation of the proteins factor. The 
structural gene portion may encode any peptide or protein so long 
as those skilled in the art can measure the activity or amount of 
its expression product (including the amount of the mRNA produced) . 
For example, chloramphenicol acetyl transferase , P - galac tos idase , 
luciferase, etc., can be used and their enzymatic activity measured. 
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The ol igo - capping method used herein involves substituting 
a cap structure with a synthetic oligo sequence by using BAP , TAP 
and an RNA ligase, as described in Suzuki & Sugano, "Shin Idenshi 
Kougaku Handbook (New Genetic Engineering Handbook)", the third 
edition (1999), an extra issue of "Jikken Igaku (Experimental 
Medicine)", YODOSHA CO., LTD . 

The process of the present invention uses an in vitro system 
or a cell-based system, preferably a cell-based system. Examples 
of such cells include cells of prokaryotes such as E. coli, 
microorganisms such as yeast and fungi, as well as insects and 
animals. Preferred examples include animal cells, in particular, 
293-EBNA cells and NIH3T3 cells. 

Examples of reporter genes indicative of the presence of a 
protein having a function include reporter genes containing a CREB 
(cAMP responsive element binding protein) binding sequence or AP - 1 
(activator protein-1) binding sequence at the expression regulation 
sequence region of the reporter genes, in addition to the NF - K B 
reporter genes described herein. For example, if a gene capable 
of activating CREB is to be obtained, a CREB - dependent reporter 
plasmid and a full-length cDNA clone produced by the ol igo - capping 
method can be co trans f ec ted into cells, and a plasmid having 
increased reporter activity can be selected from the cells to attain 
the purpose. If a gene capable of inhibiting CREB is to be obtained, 
a CREB - dependent reporter plasmid and a full-length cDNA clone 
produced by the ol igo - capping method can be cotransfected into cells, 
and a plasmid having decreased reporter activity can be selected 
from the cells to attain the purpose. These procedures may be 
carried out in the presence of a certain stimulus to the cells. The 
cDNA to be transfected into the cells may be a single clone or 
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multiple clones which may be transfected simultaneously. One 
embodiment of the process of the present invention is detailed in 
Examples herein. Alternatively, a screening system for obtaining 
a gene capable of inhibiting NF - K B activation can also be 
constructed by cotransfecting a full- length cDNA and a reporter gene 
into cells and selecting a clone having subnormally increased 
reporter activity. 

However, the process of the present invention is not limited 
to these embodiments . 

Because the cDNA of the present invention is full-length, its 
5' end sequence is the transcription initiation site of the 
corresponding mRNA. Therefore the cDNA sequence can be used to 
identify the promoter region of the gene by comparing the cDNA with 
the genomic nucleotide sequence. Genomic nucleotide sequences are 
available from various databases when the sequences have been 
deposited in the databases. Alternatively, the cDNA can also be 
used to clone the desired sequence from a genomic library, for 
example, by hybridization, and determine its nucleotide sequence. 
Thus, by comparing the nucleotide sequence of the cDNA of the present 
invention with a genomic sequence, the promoter region of the gene 
located upstream the cDNA can be identified. In addition, the 
promoter fragment thus identified can be used to construct a reporter 
plasmid for evaluating the expression of the gene. In general, the 
DNA fragment spanning 2kb (preferably lkb) upstream from the 
transcription initiation site can be inserted upstream of the 
reporter gene to produce the reporter plasmid. The reporter plasmid 
can be used to screen for a compound which enhances or reduces the 
expression of the gene. For example, such screening can be carried 
out by transforming a suitable cell with the reporter plasmid, 
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culturing the transformed cell for a certain period of time, adding 
a certain amount of a test compound, measuring the reporter activity 
expressed by the cell after a certain period of time, and comparing 
the activity with that of a cell to which the test compound has not 
been added. These methods are also included in the scope of the 
present invention . 

The present invention also relates to a computer - readable 
medium on which a sequence data set has been stored, said sequence 
data set comprising a nucleotide sequence expressed by SEQ ID NOS : 
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 
3 8, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 
72, 74, 76, 78, 80, 82, 84, 86, 88 and 90. 

In another aspect, the present invention relates to a method 
for calculating a homology, which comprises comparing data on the 
above medium with data of other nucleotide sequences. Thus, the 
gene and amino acid sequence of the present invention provide 
valuable information for determining their secondary and tertiary 
structure, e.g. , information for identifying other sequence having 
a similar function and high homology. These sequences are stored 
on the computer - readable medium, then a database is searched using 
data stored in a known macromolecule structure program and a known 
search tool such as GCG . In this manner, a sequence in a database 
having a certain homology can be easily found. 

The computer - readable medium may be any composition of 
materials used to store information or data. Examples of such media 
include commercially available floppy disks, tapes, chips, hard 
drives , compact disks and video disks . The data on the medium allows 
a method for calculating a homology by comparing the data with other 
nucleotide sequence data. This method comprises the steps of 
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providing a first polynucleotide sequence containing the 
polynucleotide sequence of the present invention for the 
computer - readable medium, and then comparing the first 
polynucleotide sequence with at least one-second polynucleotide or 
polypeptide sequence to identify the homology. 
Examples : 

The following examples further illustrate, but do not limit 
the present invention. 

Example 1: Construction of a full-length cDNA library usin g the 
oliao- capping method 

(1) Preparation of RNA from human lung fibroblasts (CryoNHLF) 
Human lung fibroblasts (Cryo NHLF : purchased from Sanko 

Junyaku Co . , Ltd.) were cul tured according to the attached pro tocol . 
After repeating subculturing the cells to obtain fifty 10cm dishes 
containing the resulting culture, the cells were recovered with a 
cell scraper. Then, total RNA was obtained from the recovered cells 
by using the RNA extraction reagent ISOGEN (purchased from NIPPON 
GENE) according to the manufacture's protocol. Then, poly A* RNA 
was obtained from the total RNA by using an oligo-dT cellulose column 
according to Maniatis et al . , supra. 

(2) Construction of a full-length cDNA library by the 
ol igo - capping method 

A full - length cDNA library was constructed from the above poly 
A* RNA by the ol i go - capping method according to the method of Sugano 
S. etal. [e.g., Maruyama, K. & Sugano, S., Gene, 138:171-174 (1994); 
Suzuki, Y. et al . , Gene, 200:149 - 156 (1997); Suzuki, Y. & Sugano, 
S. "Shin Idenshi Kougaku Handbook (New Genetic Engineering 
Handbook) " , the third edition (1999), an extra issue of "Jikkenlgaku 
(Experimental Medicine)", YODOSHA CO., LTD.]. 
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(3) Preparation of plasmid DNA 

The full-length cDNA library constructed as above was 
transfected into E. coli strain TOP 10 by elec tropora t ion , then 
spread on LB agar medium, and incubated overnight at 37 C. Then, 
using Q I Awe 11 96 Ultra Plasmid Kit (QIAGEN) according to the attached 
protocol, the plasmids were recovered from the colonies grown on 
ampicillin-containing LB agar medium. 

Example 2: Cloning of DNA capable of activating NF - K B 

(1) Screening of the cDNA encoding the protein capable of 

activating NF - K B 

293-EBNA cells (purchased from Invitrogen) were grown to 1 
x 10 4 cells/well for 24 hours at 37°C (in the presence of 5% C0 2 ) 
using 5% FBS containing DMEM medium. Then, 50ng of pNF K B - Luc 
(purchased from STRATAGENE) and 2 IX 1 of the full-length cDNA 
prepared in above Example 1. (3) were co trans fee ted into the cells 
in a well using FuGENE 6 (purchased from Roche) according to the 
attached protocol. After 24 hours of culture at 37'C, the reporter 
activity of NF - fC B was measured using PIKKA GENE LT2 . 0 (TOYO INK) . 
The luciferase activity was measured using Wallac ARV0™ST 1420 
MULTILABEL COUNTER (Perkin Elmer) . 

(2) DNA sequencing 

The above screening was carried out for 115,000 clones, and 
plasmids showing a 10-fold or more increase in luciferase activity 
compared to that of the control experiment were selected. One pass 
sequencing was carried out from the 5' end of the cloned cDNA 
(sequencing primer : 5 1 - CTTCTGCTCTAAAAGCTGCG - 3 (SEQIDNO: 3)) and 
from the 3' end ( s equenc ing primer : 5 ' - CGACCTGCAGCTCGAGCACA - 3 (SEQ 
ID NO: 4)) so that as long sequence as possible is determined. The 
sequencing was carried out using the reagent Thermo Sequenase II 
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Dye Terminator Cycle Sequencing Kit (Amersham Pharmacia Biotech) 
or BigDye Terminator Cycle Sequencing FS Ready Reaction Kit (Applied 
Biosystems) and the device ABI PRISM 377 sequencer or ABI PRISM 3100 
sequencer according to the attached instructions. 

(3) Database analysis of the obtained clones 

BLAST (Basic local alignment search tool) searching [S. F. 
Altschul etal. ( J . Mol. Biol. , 215:403-410 (1990)] was carried out 
in GenBank for the obtained nucleotide sequence . The results showed 
that 75 clones represented 45 genes encoding new proteins capable 

of activating NF -KB. 

(4) Full-length sequencing 

The full-length DNA sequences for the 45 new clones were 
determined (SEQ ID NOS : 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 
26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 
60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88 and 90). 
The amino acid sequences of the protein coding regions (open reading 
frames) were deduced (SEQ ID NOS: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69, 7 1, 73, 75, 77, 79, 81, 83, 85, 
87 and 89) . 

Example 3: Screening compounds inhibiting NF-/CB activation 

293-EBNA cells were seeded on 5% FBS containing DMEM medium 
in a 96-well cell culture plate to a final cell density of 1 x 10 4 
cells/100 IS 1/well , and cultured for 24 hours at 37^C in the presence 
of 5% C0 2 . Then, lOng of the plasmid containing the gene encoding 
NF- /CB activating protein of SEQ ID NO: 81 and 50ng of the reporter 
plasmid pNFATB-Luc were co trans f ec ted into the cells in a well using 
FuGENE 6. After 1 hour, the proteasome inhibitor MG132 (purchased 
form CALBIOCHEM) (UeharaT. et al . , J- Biol. Chem. 274, p . 1 5 8 7 5 - 1 5 8 8 2 
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(1999); Wang X. C. et al . , Invest. Ophathalmol. Vis. Sci. 40, 
p. 477-486) was added to the culture to a final concentration of 10 
IXM. After 24 hours of culture at 37 = C, the reporter activity was 
measured using PIKKA GENE LT2 . 0 . The results showed that MG132 
inhibited the expression of the reporter gene (Fig. 1). 
EFFECTS OF THE INVENTION 

As described above, the present invention provides 
industrially highly useful proteins capable of activating NF - K, B 
and genes encoding the proteins. The proteins of the present 
invention and the genes encoding the proteins allow not only 
screening for compounds useful for treating and preventing diseases 
associated with the excessive activation or inhibition of NF- fc 
B, but also production of diagnostics for such diseases. The genes 
of the present invention are also useful as a gene source used for 
gene therapy. 

FREE TEXT OF SEQUENCE LISTING 

SEQ ID NO: 91 and SEQ ID NO: 92 are primers. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing reporter activity inhibition by the 
proteasome inhibitor MG132 in Example 3, the axis of abscissa is M132 
concentration and the transversal axis is relative luciferase 
activity. 
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NAME OF THE DOCUMENT: ABSTRACT 
ABSTRUCT 

PROBLEMS TO BE SOLVED: Provision of proteins having NF - /c B activity, 
which are used for diagnosing, treating or preventing diseases 
associated with the excessive activation or inhibition of NF- K 
B . 

MEANS TO SOLVE THE PROBLEMS : Using the plasmid pNF/CB-Luc, the cDNA 
encoding a protein capable of activating NF - K B has been cloned from 
the cDNA library constructed from human lung fibroblasts, and the 
DNA sequence and the deduced amino acid sequence determined. The 
protein, the DNA encoding the protein, a recombinant vector 
containing the DNA, and a transformant containing the recombinant 
vector are useful for screening a substance inhibiting or activating 
NF-/CB activation. 
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